Abstract: Halichondrin B is a large polyether macrolide found in a rare Japanese sponge, Halichondria okadai and has been shown to have anticancer activity. Eribulin mesylate is a completely synthetic analog of halichondrin B with a unique mechanism of action relative to other antimicrotubule agents. This new agent has demonstrated activity in preclinical studies, and it is being developed for the treatment of different tumor types. Eribulin has been approved by the United States Food and Drug Administration and the European Medicines Agency as lateline therapy for metastatic breast cancer patients previously treated with an anthracycline and a taxane. It has demonstrated superiority over other treatments in overall survival (OS) (hazard ratio: 0.81, P = 0.041), leading to its regulatory approbation for clinical practice use. Median OS for the eribulin-treated group was 13.1 months versus 10.6 months in the physician's treatmentof-choice group. Eribulin demonstrated a manageable toxicity profile. Most common adverse events associated with treatment were mild neutropenia and fatigue, mainly of grade 1 or 2. In contrast to other antimicrotubule agents, eribulin has a relatively low incidence of peripheral neuropathy and alopecia. Eribulin has been extensively studied in breast cancer and is currently being developed for treatment of other cancer types. Eribulin has demonstrated activity in Phase II trials in non-small cell lung cancer, pancreatic cancer, urothelial tract cancer, and sarcomas. Further studies in these cancers are ongoing. This article reviews pharmacology, mechanism of action, pharmacokinetics and efficacy of eribulin in breast cancer and other neoplasms.
Introduction to microtubules as targets for chemotherapy
Microtubules are important cytoskeletal components formed by the polymerization of α-and β-tubulin heterodimers. These heterodimers are organized into an elongated tube, with polymerization and depolymerization occurring at the polarized end (α extreme), in a process called dynamic instability. Aside from structuring the cell, microtubules form the mitotic spindle, which is essential for cell division during mitosis. This role makes microtubules an important target for cancer treatment. Suppression of microtubule assembly during mitosis causes G2/M phase cell-cycle arrest, leading to apoptosis. 1 The mitotic spindle checkpoint is activated by the presence of unattached kinetochores, which blocks the G2/M transition and thus prevents abnormal chromosome segregation. Cell-cycle arrest then induces Bcl-2 phosphorylation, leading to caspase activation and subsequent apoptosis.
antimicrotubule agents are lack of tolerance and resistance development. Therefore, more research is needed to identify novel agents with improved efficacy that are better tolerated and able to evade drug resistance mechanisms.
Mechanism of action, pharmacology, and pharmacokinetics (PK) of halichondrins with antitumoral activity

Mechanism of action
Halichondrin B is a large polyether macrolide found in a rare Japanese sponge, Halichondria okadai. 4, 5 In 1986, halichondrin B was shown to have remarkable in vitro and in vivo anticancer activity. 5, 6 Subsequent studies [7] [8] [9] confirmed the in vitro activity of halichondrin B and identified a tubulin-based antimitotic mechanism. Halichondrin B binds tubulin near the vinca site, thereby altering depolymerization. Although the location of the vinca domain has been difficult to identify, it appears to be adjacent to the exchangeable guanosine triphosphate binding site at the plus end interface of β-tubulin. 10, 11 Halichondrin B inhibits the formation of an intra-chain crosslink between two sulfhydryl groups in β-tubulin, whereas conventional antimicrotubule agents such as taxanes, epothilones, and vinca alkaloids inhibit both growth and shortening of microtubules. The unique mechanism of action of the halichondrins secondary to a specific conformational effect acting on β-tubulin suppresses microtubule growth with no effect on microtubule shortening, sequestering tubulin into nonfunctional aggregates. This leads to formation of dysfunctional mitotic spindles that cannot pass the metaphase/anaphase checkpoint. 12 Despite the promising anticancer activity of halichondrin B, clinical development has been limited by the availability of the natural product. Therefore, scientists at the Eisai Research Institute produced a range of halichondrin B variants that are bioactive and structurally more stable than the natural parent compound. 13 Of all the analogs produced, eribulin mesylate appears to be the most promising.
Eribulin mesylate (E7389, Eisai Research Institute, Andover, MA) is a synthetic analog of the macrolide halichondrin B. It is a structurally simplified derivative containing the biologically active macrocyclic lactone C1-C38 of the parent compound and consequently has the same potency ( Figure 1 ). Like halichondrin B, eribulin inhibits tubulin polymerization by binding the β-tubulin subunit. This activity explains its ability to overcome taxane resistance conferred by β-tubulin mutations.
14 In breast cancer cell lines, a significant correlation has been demonstrated between tubulin expression levels and sensitivity to eribulin. This observation suggests that higher levels of tubulin may be more responsive to eribulin. 15 Surprisingly though, high expression of tubulin seems to confer resistance to some antimicrotubule agents such as paclitaxel and vinorelbine. 16 
Pharmacology
The eribulin structure consists of a simplified macrocyclic ketone in which the C1-lactone-ester of halichondrin B is replaced by ketone. Furthermore, the entire C39-C54 polyether side chain is removed, C31-methyl is replaced by methoxy and the tri-cyclic C29-C38 system is replaced by a single five-member ring.
Eribulin, which is prepared in an aqueous solution, has a short infusion time, does not require premedication with steroids or antihistamines, and does not need protection from light. These properties of eribulin mesylate make it superior to other approved microtubule-targeting agents. 17 
Pharmacokinetics
Several Phase I studies have been conducted to study the PK of eribulin. In the first Phase I study, eribulin was administered as a 1-2 minute bolus 3 weeks out of 4, starting at 0.125 mg/m 2 /week. A total of 40 patients with refractory or advanced solid tumors were included. The maximum tolerated dose (MTD) was 1.4 mg/m 2 /week. PK analysis demonstrated tri-phasic elimination and a prolonged terminal half-life of 36-48 hours. At the MTD, plasma levels of eribulin were above concentrations required for in vitro cytotoxicity for more than 1 week. 18, 19 In another study, 32 patients were treated with eribulin mesylate via a 1-hour intravenous (IV) infusion on days 1, 8, and 15 of a 28-day cycle at a dose ranging from 0.25 to 1.40 mg/m 2 . The MTD was 1 mg/m 2 and was limited by neutropenia and fatigue. PK analysis indicated the dose range studied was linear, and the half-life was 38.7 hours. The plasma concentration-time profile showed a rapid distribution phase with a mean distribution half-life of 0.43 hours. Minimal urinary excretion was seen (5%-6%). 20 Eribulin PK was also studied in 21 patients receiving eribulin via a 1-hour IV infusion every 21 days. Doses ranged from 0.25 to 4.00 mg/m 2 , and showed linear kinetics and a terminal half-life of 2 days. Rapid extensive volume of distribution and slow elimination with a minimum renal clearance (7% of the drug excreted unchanged in the urine) were observed. The MTD was 2 mg/m 2 due to neutropenia as the dose limiting toxicity at higher doses. 21 a similar recommended dose of eribulin as 1.4 mg/m 2 administered for 5 minutes on days 1 and 8 of a 21-day cycle. 22 In a Phase I study conducted on patients with liver impairment (Child A and B), eribulin was generally safe and well tolerated. Hepatic damage decreased clearance and prolonged the elimination half-life. Eribulin exposure increased with decreasing hepatic function, 23 requiring dose adjustments. The dose used in patients with mild hepatic impairment (Child A) was 1.1 mg/m 2 , and in patients with moderate dysfunction (Child B) it was 0.7 mg/m 2 . Because elimination is primarily hepatic, the effect of CYP3A4 (the main metabolic enzyme) inhibitors, such as ketoconazole, on eribulin PK was evaluated in another trial with 12 patients. The mean dose, when normalized using area under the curve values, was similar when eribulin was administered with or without ketoconazole. The observation suggests that eribulin can be safely co-administered with CYP3A4 inhibitors. 24 A Phase II study evaluated eribulin (1.4 mg/m 2 IV bolus on days 1 and 8 of a 21-day cycle) PK in heavily pretreated, locally advanced, or metastatic breast cancer (MBC) patients. A three-compartment model described eribulin PK and, similar to other studies, distribution was rapid with slow elimination. There was appreciable interpatient PK variability, and only a small fraction could be explained by alterations in liver or renal function. . The median duration of response (DOR) was 5.6 months, the median progressionfree survival (PFS) was 2.6 months, and the median OS was 9 months. The most common treatment-related adverse events (AE) were neutropenia, fatigue, alopecia, nausea, and anemia. The incidence of grade 3 or 4 neutropenia was 64% in both cohorts, but the incidence of febrile neutropenia was low, as it occurred in only 4% of patients (three in the 28-day cohort and one in the 21-day cohort). Only five patients experienced grade 3 peripheral neuropathy (four in the 28-day cohort), and none of them had grade 4. Although the two schedules were not tested concurrently, the 21-day schedule appeared to be associated with a more favorable tolerability profile than the 28-day schedule.
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A second open-label, single-arm Phase II study was performed to evaluate the activity and safety of eribulin in patients (n = 291) with locally advanced or MBC previously treated with an anthracycline, taxane, and capecitabine. Patients received eribulin mesylate 1.4 mg/m 2 on days 1 and 8 of a 21-day cycle. The median prior number of chemotherapeutic regimens was 4, the median age was 56 years, 63% of patients had an ECOG score of 1 or 2, and 21% of the patients had triple-negative tumors. The median number of cycles received per patient was four. Of the 291 patients, 269 patients finally met key inclusion criteria once reviewed by an independent review committee. The primary endpoint, ORR, was 9.3% (95% CI: 6.1-13.4) (all PRs). Stable-disease (SD) was seen in 46.5% of patients, and the clinical benefit rate (CBR; complete response [CR]: + PR + SD . 6 months) was 17.1%. The median DOR was 4.1 months, the median PFS was 2.6 months, and the median OS was 10.4 months.
The most frequent grade 3 or 4 treatment-related AEs were neutropenia (54%; febrile neutropenia 5.5%), leukopenia (14%), and asthenia/fatigue (10%). Grade 3 neurotoxicity occurred in 6.9% of patients. 27 The last single-arm Phase II study was conducted in 81 anthracycline and taxane-pretreated Japanese patients with locally advanced or MBC. Eribulin was administered at a dose of 1.4 mg/m 2 on days 1 and 8 of a 21-day cycle. The primary efficacy endpoint was ORR. The median number of previous chemotherapy regimens was three. The median age was 54 years, and 27.5% of patients had triple-negative tumors. The median number of eribulin treatment cycles was 5. ORR was 21.3% (all PRs) (95% CI: 12.9-31.8). The SD rate was 37.5%, and the CBR was 27.5%. The median DOR was 3.9 months, the median PFS was 3.7 months, and the median OS was 11 months. The most frequent treatment-related grade 3 or 4 toxicities were neutropenia (95.1%; febrile neutropenia 13.6%), leukopenia (74.1%), and lymphopenia (12.3%). Grade 3 peripheral neuropathy occurred in 3.7% of patients (no grade 4). 28 These data are summarized in Table 1 .
Phase III study in breast cancer
The encouraging results observed in Phase II studies led to the design of two randomized Phase III trials. The first of these trials, named EMBRACE (Eisai Metastatic Breast Cancer Study Assessing Physician's Choice Versus E7389; NCT00388726; E305), was an open-label, multicenter, randomized, controlled, Phase III study in heavily pretreated MBC patients. All of the patients were previously treated with at least two prior chemotherapies, including an anthracycline and a taxane (unless contraindicated), and OS was compared between eribulin-treated patients and patients receiving current standard of care options. 29 Patients were randomized (2:1) to receive eribulin 1.4 mg/m 2 in a 2-5 minute IV bolus on days 1 and 8 of a 21-day cycle or treatment of physician's choice (TPC). TPC included any single-agent chemotherapy, hormonal or biological treatment approved for the treatment of cancer, radiotherapy, or symptomatic treatment alone. Randomization was stratified by geography, previous capecitabine treatment, and human epidermal growth factor receptor 2 (HER2) status. The primary endpoint of the trial was OS. Secondary endpoints were PFS, ORR and DOR, and safety assessment.
A total of 762 patients were randomly allocated to treatment groups (508 eribulin, 254 TPC). The majority of TPC patients received chemotherapy (96%), essentially vinorelbine (25%), gemcitabine (19%), and capecitabine (18%). The remaining 4% of patients received hormonal therapy, and no patient received supportive care alone.
The median age of patients was 55 years. Ninety-one percent of patients had an ECOG score of 0 or 1, 16% were HER2-positive, and 19% were triple-negative. The median number of prior chemotherapy regimens was four, and 73% of the patients had received prior capecitabine. The most common metastatic sites were bone and liver, and 51% of patients had metastatic disease involving at least three organs.
The study met its primary endpoint, finding a significant increase in OS for eribulin-treated patients compared with TPC-treated patients (hazard ratio [HR]: 0.81, 95% CI: 0.66-0.99; P = 0.041). The median OS was 13.1 months (95% CI: 11.8-14.3) in patients receiving eribulin and 10.6 months (95% CI: 9.3-12.5) in patients receiving TPC. The median PFS was 3.7 months (95% CI: 3.3-3.9) with eribulin and 2.2 months (2.1-3.4) with TPC (HR: 0.87; 95% CI: 0.71-1.05; P = 0.137) in the independent review. ORR was 12% with eribulin (including three CRs) and 5% with TPC (P = 0.002). The median DOR for eribulin was 4.2 months (95% CI: 3.8-5.0) and for TPC was 6.7 months (6.7-7.0) (P = 0.159).
Serious adverse events occurred in 25% of patients on eribulin and in 26% of patients on TPC. Adverse events leading to therapy discontinuation occurred in 13% of eribulin-treated patients and 15% of TPC-treated patients. The most common adverse events in eribulin-treated patients were neutropenia, asthenia/fatigue, alopecia, and peripheral neuropathy. Neutropenia was observed in 52% of patients receiving eribulin (45% grade 3 or 4; with only 5% febrile neutropenia) and in 30% (21% grade 3 or 4) of patients receiving TPC. Asthenia was reported in 54% of patients receiving eribulin and in 40% of patients receiving TPC. Alopecia was observed in 45% of the patients in the eribulin arm and in 10% of patients in the TPC arm. Peripheral neuropathy was recorded in 35% of patients on eribulin (8% grade 3 and ,1% grade 4) ( Table 2 ). These data led to the regulatory approval of eribulin mesylate in the USA and Europe for patients who have received at least two chemotherapeutic regimens for the treatment of MBC, with prior treatment including an anthracycline and a taxane.
A second open-label, multicenter, randomized, Phase III study with eribulin was recently completed and the results will be available soon. The primary objective of this study was to compare eribulin and capecitabine in terms of OS and PFS. Secondary objectives included assessments of response data, DOR, 1-, 2-, and 3-year survival, quality of life, and safety. Patients had to have locally advanced or MBC with #2 previous chemotherapeutic regimens for MBC, including an anthracycline and a taxane. A total of 1102 patients were randomized (1:1) to receive either eribulin or capecitabine. 30 Phase II studies in other cancers Non-small cell lung cancer (NSCLC)
Two Phase II trials have been conducted in patients with advanced NSCLC. The first one was an open-label, single arm, Phase II study for patients with prior progression to a platinum-based doublet chemotherapy and an ECOG performance status of 0 or 1. Eribulin was administered on a 28-day schedule, with a 1.4 mg/m 2 bolus infusion on days 1, 8, and 15. The 28-day schedule was later changed to a 21-day schedule due to neutropenia occurrence on day 15, similar to what has been observed in patients with breast cancer. Patients were enrolled in two strata based on prior taxane exposure. A total of 103 patients (83 with prior taxane therapy and 20 taxane naïve) were treated, with 77 patients on a 28-day schedule and 26 patients on a 21-day schedule. The median age was 65 years, and the median number of prior therapies was two. The primary endpoint was ORR, confirmed by independent radiologic review. A median number of three cycles (range 1-15) was administered. The ORR (all PRs) was 9.7%, with 10.8% PRs in the taxane pretreated cohort, and 5% PR in the taxane naïve cohort. Overall disease control rate (PR + SD) was 55.3%. The median DOR was 5.8 months, the median PFS was 3.4 months, and the median OS was 9.4 months. The most common drug-related AEs were neutropenia (54%; 49% grade 3/4), fatigue (49%; 11% grade 3, no grade 4), nausea (38%; 1% grade 3, no grade 4), alopecia (32%), anemia (29%, 4% grade 3/4), and peripheral neuropathy (23%; 2% grade 3, no grade 4). The study concluded that eribulin administered on days 1 and 8 of a 21-day cycle was active and well tolerated as second-or later-line treatment in patients with NSCLC. 31 A second Phase II trial with eribulin in NSCLC was conducted in platinum-based therapy and taxane-pretreated patients, with no more than two prior regimens in the metastatic setting and ECOG of 2 or below. Patients were classified by taxane-sensitivity status as taxane sensitive (TS; progression .90 days after taxanes) or taxane resistant (TR; progression during or ,90 days after taxanes). Forty-one patients were administered 1.4 mg/m 2 IV eribulin over 1-2 minutes on days 1 and 8 of a 21-day schedule. There were three (15%) objective responses in 20 TS patients, and no responses were observed in 21 TR patients. The SD rates were 60% and 24% in the TS and TR cohorts, respectively. The median PFS was 6.3 months in the TS subgroup (95% CI: 2.5-8.6) and 1.2 months in the TR subgroup (95% CI: 1.1-4.1). Grade 3 or 4 toxicities were predominantly hematological (46% of patients; including one episode of febrile neutropenia), although nonhematological toxicities were also observed (20% patients; including fatigue, dehydration, nausea, constipation, and one grade 3 neuropathy). Eribulin was well tolerated and showed promising activity in the TS cohort, which was expanded to include another 25 patients. The results of this new cohort of patients are awaited. 32 Other trials using eribulin in combination with pemetrexed, erlotinib, and carboplatin, are currently ongoing in NSCLC patients. [33] [34] [35] Head and neck cancer A multi-center Phase II trial was conducted to evaluate eribulin in patients with metastatic or recurrent squamous cell carcinoma of the head and neck. Forty eligible patients who had not received prior chemotherapy for metastatic or recurrent disease and with an ECOG score of 0-1 were enrolled. The median age of patients was 61.2 years. The primary endpoint was ORR, and secondary objectives were PFS, OS, and safety. Thirty-three patients (83%) had 1-3) , and the median OS was 7 months (95% CI: 5-10). The more common grade 3 and 4 toxicities were lymphopenia (15%), leukocytopenia (13%), neutropenia (10%), hyponatremia (5%), fatigue (5%), diarrhea (5%), and dyspnea (5%), with one treatment-related death due to pulmonary hemorrhage. Thus, although eribulin was well tolerated, it did not show any significant efficacy in terms of ORR or PFS, and was not recommended for future development in refractory or metastatic head and neck cancer. 36 
Prostate cancer
In a first Phase II study evaluating eribulin activity in metastatic castration-resistant prostate cancer (CRPC) patients, eribulin was administered as 1.4 mg/m 2 IV bolus infusion on days 1 and 8 of a 21-day cycle. Patients were eligible if they had bilateral orchiectomy or failure of primary hormonal therapy. The primary efficacy endpoint was prostate-specific antigen (PSA) response rate, defined as two consecutive $50% reductions in PSA levels from baseline. Secondary endpoints were duration of PSA response and ORR. A total of 108 patients were enrolled, and the median age was 71 years. The median number of treatment cycles received was four (range 1-25). Patients were stratified by prior taxane treatment status. In the taxane pretreated cohort, 50 patients received eribulin, but only 47 could be evaluated as per protocol. Although no patients had an objective response, 8.7% of patients had $50% reduction in PSA levels. The 6-month PFS and 12-month OS were 12.6% and 57.2%, respectively. Treatment related grade 3 and 4 toxicities were neutropenia (40%), leukopenia (16%), fatigue (8%), and peripheral neuropathy (6%, no grade 4). In the taxane-naïve cohort, 58 patients were treated. The ORR was 8.8%, and 22.8% of patients had a $50% decrease in PSA levels. The 6-month PFS and 12-month OS were 19.6% and 73.5%, respectively. Treatment-related grade 3 and 4 toxicities were neutropenia (22.4%), leukopenia (8.6%), and fatigue (6.9%). 37 In a second multicenter trial (ECOG 5805), 119 patients (116 eligible) with metastatic CRPC were treated with eribulin at the same dose and on the same schedule. The primary endpoint was PSA response rate. The median age was 70 years and the median number of treatment cycles received was 4 (range 1-20+). Patients were stratified by prior treatment: chemonaïve, prior-taxanes only, or two prior cytotoxic chemotherapies.
In the chemonaïve arm (41 patients), 24% had a $50% PSA reduction (90% CI: 13.9-37.9), 15% had SD for more than 9 weeks, and 8% showed response. The median duration of PSA response was 7.1 months, and the median OS was not reached. In patients previously treated with taxanes (n = 51), 10% had a $50% PSA reduction (90% CI: 4.0-19.5), 20% had SD for more than 9 weeks, and 3% showed an objective response. The median duration of PSA response was 3.6 months, and the median OS was 11.4 months. In patients who had previously undergone two cytotoxic chemotherapeutic regimens (n = 51), 4% had a $50% PSA reduction (90% CI: 0.2-18.3), 29% had SD for more than 9 weeks, and 8% responded. The median duration of PSA response could not be evaluated, and the median OS was 13.7 months. Treatment-related grade 3 or 4 toxicities in patients that were taxane naïve, previously taxane-treated, and previously treated with two chemotherapeutic regimens were neutropenia (52%, 50%, 68%, respectively), leukopenia (33%, 44%, 52%, respectively), fatigue (17%, 8%, 12%, respectively), and sensory neuropathy (14%, 16%, 4%, respectively). Although eribulin showed some activity in taxane-naïve metastatic CRPC, the overall response rate did not reach predetermined levels (40%), so the development of eribulin as a treatment for CPRC was discontinued. 38 
Ovarian cancer
A multicenter Phase II study in recurrent epithelial ovarian, fallopian tube, or peritoneal cancer was conducted based on the activity of eribulin in a human ovarian xenograft model. Eribulin was administered as 1.4 mg/m 2 infusion over 15 minutes on days 1 and 8 of a 21-day cycle. To be eligible for the study, patients had to have epithelial ovarian cancer (or fallopian tube or peritoneal cancer) with measurable disease, a progression-free interval of less than 6 months since the last platinum-based therapy, and undergone two or fewer prior cytotoxic treatments. The primary endpoint was ORR. Thirty-six patients were enrolled (35 evaluable patients), with a median age of 61 years. The median platinum-free interval was 3 months (range 0.1-5.9). All patients received platinumtaxane as first-line treatment. ORR was 5.7% (two PRs, with DOR of 84 days and 128 days) and SD was reported in 46% of patients. A greater than 50% decrease in CA125 was observed in 3 of 31 CA125-evaluable patients. The median PFS was 2 months, and the treatment-related grade 3 or 4 toxicities were neutropenia (44%) and leukopenia (31%). Another Phase II trial was conducted to determine the activity of eribulin in women with platinum-sensitive recurrent ovarian cancer. Patients had to have recurrent platinumsensitive (progression-free interval .6 months from last platinum-based therapy) epithelial ovarian, fallopian tube, or primary peritoneal cancer, measurable disease and should have been previously treated with two or fewer cytotoxic regimens. Thirty-seven patients were enrolled, and all were evaluated for response. The median age was 60 years, and the median platinum-free interval was 10 months (range 6.5-45.5). PR was achieved in seven patients (19%) and SD in 20 patients (54%). CA125 response was observed in 11 of 31 patients (35% of patients with CA125 evaluable disease). The median PFS was 4.1 months (95% CI: 2.8-5.8). Grade 3 or 4 treatment-related AEs included neutropenia (54%), leukopenia (3%), fatigue (5.4%), and alteration of liver enzymes (5.4%). Eribulin showed significant activity in platinum-sensitive epithelial ovarian cancer patients. 40 
Pancreatic cancer
An open-label, second-line, single-arm, Phase II trial was conducted in patients with pancreatic cancer. Eligibility criteria included confirmed locally advanced, unresectable or metastatic pancreatic adenocarcinoma with measurable disease and evidence of disease progression after gemcitabine therapy. The primary endpoint of the study was ORR. Patients received 1.4 mg/m 2 IV eribulin on days 1 and 8 of a 21-day cycle. Fifteen patients were enrolled, 14 of them received treatment, and 12 were able to be evaluated for response. The median age was 61 years, and each patient received a median of two cycles of treatment (range 1-15). There was no CR or PR, but SD was reported in 42% (5/12) of the patients. Of these five patients, three had SD for 12 cycles or greater. Grade 3 and 4 treatment-related AEs included neutropenia (29%), fatigue (14%), peripheral neuropathy (7%), and thrombosis (7%). In conclusion, eribulin was well tolerated but it did not result in any objective responses in gemcitabine refractory pancreatic cancer. However, the large number of patients with prolonged stable disease when treated with eribulin suggests further studies of eribulin activity in pancreatic cancer are warranted. 41 
Sarcoma
The EORTC62052 trial assessed the efficacy and safety of eribulin mesylate in four independent strata of patients with soft tissue sarcoma: leiomyosarcoma (LMS), adipocytic (ADI), synovial (SYN), and other subtypes (OTH) of soft tissue sarcomas. Eligibility criteria included intermediate or high grade soft tissue sarcomas with documented progression and treatment with two or fewer previous chemotherapies (up to two single agents or one combination) for advanced disease. The dose of eribulin was 1.4 mg/m 2 IV over 2-5 minutes on days 1 and 8 of a 3-week cycle. The primary endpoint was the progression-free rate at 12 weeks (PFR-12 weeks). The PFR-12 weeks was 32% (12/37 evaluable patients) in LMS, 45% (15/33) in ADI, 21% (4/19) in SYN, and 19% (5/26) in OTH. The median PFS in LMS was 3 months (95% CI: 2-5), and the median OS was 20 months (95% CI: 14-), with a 1-year survival rate of 70%. The PFS in ADI was 3 months (95% CI: 2-6), and the OS was 10 months (95% CI: 8-16), with a 1-year survival rate of 48%. The PFS in SYN was 3 months (95% CI: 2-3), and the OS was 11 months (95% CI: 7-15), with a 1-year survival rate of 36%. The PFS in OTH was 2 months (95% CI: 1-3), and the OS was 6 months (95% CI: 5-15), with a 1-year survival rate of 30%. Grade 3 or 4 drug-related AEs were neutropenia (50%), leukopenia (33%), anemia (9%), and fatigue (4%). Eribulin mesylate was well tolerated in pretreated patients with soft tissue sarcomas. Further studies are warranted in the LMS and ADI sarcoma subgroups, as the PFS-12 weeks reached predefined statistical requirements. 42 
Urothelial tract cancer (and renal insufficiency)
After encouraging activity results were observed in a Phase I study of eribulin activity in patients with urothelial cancer and renal dysfunction, 43 a multicenter Phase II trial is now being conducted. In the first part of this Phase II trial, patients were enrolled based on the following criteria: normal creatinine or calculated creatinine clearance $60 mL/min, presence of histologically or cytologically confirmed urothelial cancer, and no prior cytotoxic therapy for advanced disease (neo/ adjuvant therapies were allowed). Eribulin 1.4 mg/m 2 was given intravenously on days 1 and 8 of a 21-day cycle. The primary endpoint was ORR. A total of 40 patients entered the trial (37 evaluable patients). Their median age was 67 years, and 72.5% of the patients had received prior neo/adjuvant chemotherapy. The histological subtypes included transitional (35) , adenocarcinoma (3), squamous (1), and small cell (1). ORR was 38% (one CR and 14 PR). Of the 15 responses, 13 were in transitional cell cancer patients (37% ORR). In patients with prior neo/adjuvant chemotherapies, the ORR was 34%. The median PFS was 3.9 months and the median OS was 9.4 months. Drug-related grade 3 and 4 toxicities included neutropenia (54%), hyponatremia (11%), hyperglycemia (8%), fatigue (3%), and sensory neuropathy (3% in whom the 1.4 mg/m 2 dose was shown to be tolerable is still being followed. 44 
Conclusions, place in therapy, future directions
Eribulin mesylate is a novel antimicrotubule drug that has been shown for the first time to improve survival in heavily pretreated MBC patients. This fact led to its approval by the United States Food and Drug Administration in November 2010 and the European Medicines Agency in March 2011 for treatment of patients with MBC that have previously been treated with anthracyclines and taxanes.
Eribulin has a manageable toxicity profile, with the most common adverse events being neutropenia, fatigue, nausea, and neuropathy, mainly grade 1 or 2. It does not require premedication and can be rapidly administered as a 1-5 minute IV bolus infusion, important advantages with respect to other chemotherapeutic agents. Eribulin is metabolized in the liver, which requires dose adjustments in patients with hepatic impairment, but it is well tolerated and safely used in patients with renal dysfunction.
Further studies combining eribulin with cytotoxics and other targeted agents are being conducted in breast cancer. The activity of eribulin in primary breast cancer is also under investigation. Phase II trials are currently underway to understand how eribulin acts in other contexts as well. For instance, eribulin is being studied in combination with trastuzumab in HER2-positive MBC 45 and in the adjuvant setting following dose dense doxorubicin and cyclophosphamide. 46 Eribulin is also being studied in the neoadjuvant setting in association with carboplatin in the triple-negative breast cancer population. 47 Finally, eribulin is being tested as a first-line treatment for MBC, 48 and in combination with capecitabine for pre-treated MBC. 49 Although eribulin has not shown significant activity in prostate, ovarian, and head and neck cancers, it has shown promising activity in lung cancer, pancreatic cancer, and sarcoma. In fact, in lung cancer, trials of eribulin in combination with pemetrexed and erlotinib are ongoing, and a Phase III trial in patients with sarcoma 50 is currently recruiting patients.
Preclinical studies to produce second generation structurally modified analogues of eribulin with efficacy in multidrug resistant tumors, oral bioavailability, and brain penetration are ongoing.
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